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Objectives: 


Mechanism of injury 

Nature of vascular injury (| how has Blood 
Vessel; been injured. 

Clinical diagnosis: hard signs & soft signs 
Principles of investigation: clinical, imagining, 
types 

Management & surgical repair: open, 
endovascular, damage control 

Complications 


* Blunt injury 
Direct or indirect disruption of tissues 


Fractures or dislocations of bone and joint 


Vessel impingement, entrapment, 


intimal injury, complete disruption 
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Blunt Injury: e.g., punch to abdomen (direct 
assault), high speed MVA (indirect assault) 


Can be direct as seen in interpersonal violence, 
or indirect as seen in tortional forces in MVA. 
Can cause fractures or dislocations of bones 
and joints. 

Movement of bone/joint may cause a blood 
vessel impingement, entrapment, injury of 
intima or complete disruption of bv[] active 
bleeding. 


e Penetrating injury 
Partial or complete 


Impalement 
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Penetrating Injury: e.g., Top pics: impalement 
by knife blade into abdomen (impalment: 


Blast injury 


Bombs & explosions : unique patterns of injury : complex and combinations 


Primary, secondary, tertiary, quaternary, quinary 


Blast lung most common fatal injury among those who initially survive 


Explosions in confined spaces (mines, buildings, or large vehicles) and/or 


structural collapse associated with hi 


Blast Category Cause of Injury 


Direct effect from blast shockwave 


impact of fragments 
(from exploding device or environment) 


HAA Blast wave propels body into objects or 
large objects strike body 


Environmental contamination 
Lats from the device 


Bodily absorption of device 
additives 


+ Crush injuries 
+ Blunt trauma 


her morbidity and mortality. 


Injuries 


+ Shear å stress forces on tissues 
+ Tympanic membrane rupture, blast 


lung, ocular injuries, concussion 


+ Penetrating trauma 
+ Amputations 
+ Lacerations 
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+ Burns, inhalation injury 
+ Exposure to toxic substances 


+ Hypermetabolic state 


Blast Injury: 


Caused by bombs and explosions either due to 
terrorism or accidental explosions like in 
chemical plants. 

Cause a unique pattern of injury [] quite 
complex and patient often have combinations 
of these injuries. 

Categorized into primary, secondary tertiary, 
quaternary and quinary. 

Primary: direct effect of blast shockwave like 
the sheering and stress forces on tissues from 
Shockwave itself. Organs injured first are the 


e latrogenic injuries 


so Minimally invasive procedures: 


» Radiological procedures eg. Image-guided biopsy 


» Vessel access: Catheter-directed angiogram, Dialysis catheter, Central venous catheter 


+ Surgery 


Iatrogenic injuries: 


Caused by invasive procedures offered to 
patient that have come to a fall 

Minimally invasive procedures: image guided 
biopsy, catheter directed angiogram which can 
complicate to loss of a limb, dialysis catheter, 
central venous catheter in subclavian artery 
and vein. 


Lateral wall injuries/laceration 


Complete transection 
Intimal injuries 
Tissue loss 
Arterio-venous fistula 


Arterial spasm 


IGY, INCIDENCE AND CLINICAL PATHOLOGY 
__Comple 
cto 
Transection Incomplete 
Transectio 
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Contusion and 
True Aneurysm 


e a St = 
Pulsating Hematoma ti, A External 
or False Aneurysm k Compression 
A 


Arteriovenous Fistula 


Nature of Injury: Vessel Disruption 


Simple laceration to lateral wall 

Complete or incomplete transection of the 
blood vessel 

Torsion and twisting leading to contusion and 
segmental spasm of artery which recovers with 
time 

Contusion of vessel wall which causes stasis of 
blood flow and thrombosis. 

Contusion of wall causing weakening of blood 
vessel wall resulting in full thickness/True 
aneurysm of vessel 

Intimal injury (inner most aspect of blood 
vessel) by blunt or penetrating injury which 
weakens the BV wall. Blood then fills in the 
Space between intima and media causing a 
false/pseudoaneurysm 

Arteriovenous fistulae - Abnormal 
communication between arterial and venous 
structures 

External compression of BV by fractures, 


Examination is critical Listen 
Look 


Type of bleed Listen 


Feel 
Pulses 


Bruits 

Expansile/pulsatile haematoma 
Sensation 

Temperature 

Motor function 


Compartment pressure 


Direction / trajectory of injury 
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History 
Inspection 
Auscultation 
Palpation 
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History (| look, listen, feel (| inspection, palpation, 
ascultation 


Examination: 
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Ankle-Brachial Index 


How to calculate the ankle-brachial index 
Ultrasound device 


së es 


Right arm Left arm: 


Right ankle Left ankle 


Systolic pressure | Systolic pressure 


Blood pressure cuff 


Right ABI equals ratio of. 


k 


Left ABI equals ratio of: 
Brachial artery : 


Ankle-Brachial Index 
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Pulsatile bleeding 
Expanding haematoma 
Palpable thrill 

Absent distal pulses 
Audible bruit 
Ischaemia:Cold, pale,limb 


History/other proof of 
significant bleed 


Non-expanding haematoma 


Proximity to major vessel 


Reduced pulse 


Neurological deficit 
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Hard Signs: patients who definitely have a 
vascular injury 


Soft Signs: patients who may or may not have 
vascular injury but warrants further 
investigation 


Pulsatile bleeding from wound 
Expanding pulsatile haematoma 
Palpable thrill 

Absent distal pulses 

Audible bruit 

Ischaemia - cold pale limb 


History/proof of significant bleed 

Stable, Non-expanding haematoma 

Injury proximity to major vessel e.g., axilla in upper 
limb 


Reduced pulse/pulse deficit between upper and 
lower limbs *means one pulsation of a distal pulse is 
reduced compared to the other side) 


Neurological deficit[] like patient with stab to axilla 
but has a brachial plexus injury and no evidence to 
vascular injury 


Example of hard sign (bottom left picture) [pool of 
blood on sheet, silastic catheter, which is normally 
used for bladder cannulisation, which has been 
placed on a penetrating wound in Zone 1 area of 
the neck, bulb of balloon has been inflated to 
tamponade blood flow from wound, patient is on 
oxygen because he was shocked when he came in 
from hypovolemia (active pulsatile bleeding) 


Middle picture [] Left limb, which is mottled, foot 
looks blue compared to right. This is an ischaemic, 
cold limb. 


Direct surgical intervention Investigation 


Urgent investigation Semi-elective 


Urgent 
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Hard Signs [] direct surgical intervention. May 
still undergo urgent investigation in the hands of 
experienced vascular surgeons. 


Soft Signs (| investigations that can be done 
urgently or semi-electively. 


Penetrating 
Extremity 
Trauma 


y and physical examination 


No signs of 


vascular injury 


no hard or 


CT angiography 


Immediate osit Negative or Observation 
| minimal 


vascular 


, extravasation no occiusive 
surgery consult os ` 
: arterial injury) 


Observation 
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Penetrating Extremity Trauma to the Limb - 
Algorithm 


Take medical history and physical examination: 


* hard signs (| patient needs immediate vascular 
surgery consultation and operative 
intervention. 

* soft signs (| patient undergoes investigation 
(CT Angiography) (| if CT Angio is + for an 
injury like 


dh 


Incorrect imaging kills patients. 


Hard Signs 


ITR 


Active bleed Stable patient 
Haemodynamic effects Unclear location 


Location clinically evident Difficult / morbid access 
Easy access 


Operate Imaging may assist 
? CDA 
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Principles of Investigation - Imaging: incorrect 
imaging kills a patient 


Any patients with Hard Signs which are: active 
bleeding, haemodynamic effects like shock, 
evident location of injury which is accessible [] 


Xrays 


Imaging 


Soft tissue, haematomas, surgical emphysema 
Fractures, dislocations 

Mediastinum, haemothorax, pneumothorax 
Retained bullets, blades, foreign bodies 
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X-Rays: in the STABLE patient in OR, X-Ray is the FIRST thing done regardless of penetrating or 
blunt injury. Should be done in 2 planes (lateral shoot through and AP/PA). Look for soft tissue, 
haematomas, surgical emphysema (which is free air in tissues) fractures, dislocation. More 
importantly, look at mediastinum especially in erect x-ray, is there pneumothorax or 
haemothorax, are there foreign bodies, retained bullets or blades. 


Left picture: patient who sustained a stab to zone 1 of the neck suprasternally. Xray shows 
right pneumothorax from injury to lung and pleura, and a very wide mediastinum which is 
an indication for the next level of investigation (Whichis|CT Angio of great vessels and their 
branches in the mediastinum which may have caused the mediastinal enlargement). The right 
pneumothorax was addressed with an intercostal chest drain. 


Middle Picture: similar silhouette change in the mediastinum as seen by bulge of aortic shadow. 


Right picture: foreign body in cervical area, with a penetrating neck injury. There patients NEED 
CT Angio to identify or exclude a vascular injury. 


MONE NOLS 2 views, 2 sides, 2 joints 
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X-Ray rule of twos [] 2 views (lateral shoot through 
and AP/PA), 2 sides, 2 joints (to compare the two 
limbs, especially in children where they have 
growth plates which may be mistaken for 
fractures), 2 films on 2 occasions if there wasn’t 
an abnormality the first time 


Patient on Left: had been shot 2 days ago to 
middle of leg. First Xray (middle) shows intact 
tibia, cut off knee joint, intact fibula, and a [ee 


Imaging 


Duplex ultrasonography/ Duplex doppler 
Non-invasive, bedside unit 
Operator-dependent 
Accessible anatomical areas; vascular access 
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CT Angiography (CTA) : neck, arch & great vessels, abd, peripheral 
Most commonly used, multi-slice, quick 
Allows accurate assessment in most cases; problem with foreign bodies 


Nephrotoxicity in underlying renal disease 


Catheter directed angiography (CDA) 


Invasive, complications 


Diagnostic & therapeutic — Dé 4 
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Duplex Ultrasonography/Duplex Doppler: non-invasive, bedside, or 
radiological test that’s operator-dependant. Can only be done in easily 
accessible areas e.g., 


and angle of mandible)... (Doppler = Zone 2 of the neck coz it has 


vessels) 


CT Angiography: of the neck, arch of aorta and great vessels, 
abdomen, and peripheral CT Angio is commonly used to identify or 
exclude vascular injuries of truncal vasculature or the peripherals. It 
allows accurate assessment in >96% of cases. 


Disadvantages: Concern of pit om IV Contrast ised 


evidence of a vascular injury. (Nephrotoxicity, Metalic Foreign bodies) 


CSA (Catheter Directed Angiography): catheter access under image 
guidance so that injuries to vessels and neurological structures and 
soft tissue can be mitigated. Can be diagnostic and therapeutic. Once 
inlurv is identified (diaqnoctic) it can he coiled or stented with a micro 


ATLS principles 


CDE 


Importantly, haematomas in the neck can give airway issues 
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ATLS Principles [] Advanced Trauma Life Support: 


° A (airway) B (breathing) C (circulation & 
haemorrhage control) D (disability) E 
(exposure) - In patients with neck injuries, e.g., 
haematomas, the most important is the airway 
and breathing. Large haematoma can cause 
airway compression and compromise so its 
important to protect the airway early on - 
intubate! Also note C-Spine injuries! 


Picture: penetrating wound has been sustained to 
the left side of patient’s neck. They had 
respiratory distress from haematoma in Zone 2 
area. Intubation was not possible, so airway was 
secured with 


Direct pressure: Digital, Manual 
Foleys catheter tamponade 
Surgery 


Interventional radiology 


A — Airway (with cervical spine control) 


B — Breathing 


C — Circulation (+haemorrhage control) 


W.i 
D — Disability NA 
Iw 


E — Exposure 
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e Catastrophic Haemorrhage: major injury to major 
vessel can cause exsanguination and possible death 
unless haemorrhage is stopped. 


HOW DO U STOP BLEEDING: 


* digital pressure (manual) || Direct , Manual 


* foleys catheter with bulb inflated in wound to cause 
tamponade [] 


* surgery [| 
e interventional radiology (Gatheter directed 


Associated fractures / dislocations: timing of repair? 


Drape entire limb. 
Always drape a groin for vein harvest 


Adequate exposure of anatomical area afferent & efferent 
limbs : standard exposures 


Proximal and distal control : temporary interruption of blood 
flow 

Resection of the diseased or injured segment 

Vascular repair or anastomosis with/without suitable conduit 
Restoration of blood flow : Good inflow, good outflow 
Topical +- systemic heparinization 
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Vascular Surgical Principles: what to do if there 
are associated fractures or dislocations? Do you 
fix that first or vasculature first? 

In Theatre, the principles are: 

Clean and drape entire limb affected 

Always drape groin area for vein harvest that 
can be used for vessel repair. 

Ensure Adequate exposure of anatomical area of 
afferent and efferent limbs: standard exposure 
techniques 

Proximal and distal control of BV to temporarily 
interrupt the flow of blood to identify and repair 
injury 

Diseased/injured segment is resected or 
debrided 

Vascular repair follows with or without a 
suitable conduit depending on whether the 
injured ends can fit effortlessly without tension 
Injury is repaired, restoration of blood flow, good 
in flow and outflow. 


e Monofilament, small caliber, non absorbable suture 
material eg. Prolene 
Interrupted (small arteries) to prevent stenosis or 
continuous sutures through all layers with intima-to- 
intima approximation | 


Lateral suture eg. simple closure of laceration 


Ligation 
Vein patch angioplasty 
End-to-end anastomosis 
If tissue loss, interposition graft : 
autologous (RSVG) / synthetic eg. PTFE 


Bypass procedures 


Surgical Repair Options: 

Monofilament suture, small caliber, must be a non- 
absorbable suture material like.g Prolene 

Interrupted sutures to small arteries to prevent stenosis 
or continuous sutures through all layers with intima- 


intima approximation 


Methods: 


E.g If there is a lateral laceration (| Lateral suture can be 
used for a simple closure of a laceration. 

if suturing is not possible because patient is not stable [] do 
VESSEL LIGATION. 

Vein patch angioplasty 

End-to-end anastomosis 

Tissue loss causes two ends of vessels to not be able to 
come together, so you use interposition graft: cain either be 


Endovascular 
treatment 


Proximal lesions 
Morbid access 


Less blood loss 


Position of stent 

Long term outcomes 
Availability / Skill set 
Stable patient 


Endovascular Treatment: Catheter directed 
angiographic treatment 


Important in proximal injuries where we would 
have to do morbid access like a sternotomy or 
thoracotomy. 

There's less blood loss in endovascular surgery, 
must be done by highly skilled team set. 
Picture: catheter directed angiogram of patient 
with left subclavian artery injury. 
Pseudoaneurysm comes out of the artery(top 


Rare in isolated vascular injuries 
Multiple injuries & gross physiological extremis 


Aim : Save life : Control bleeding & Maintain perfusion 


Shunting 


Ligation 


Packing 


Sr & 2 


Damage Control Vascular Surgery: 


Rare in isolated vascular injuries to need to do 
this 

BUT Done in multiple injuries and patient 
in gross physiological extremis (shocked 
patient, coagulopathic, hypothermic, has 
lactic acidosis, is extremely unstable)but 
has a limb injury that causes this. 


OPTIONS 

Shunting: use of any tubes e.g., NG Tube, 
silicone tubes, attached end to end to vascular 
structure to allow blood flow in tube. This 


allows perfusion. (Look at PIC) 
Ligation: tie off bleeding vessel. 
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Complications of vascular injuries 


Compartment syndrome 

Increased pressure within myofascial compartment 
Pain 

Parasthesia 

Paresis/Paralysis 


Pallor 

Pressure : Tense compartments 
Poikilothermia 

Pulselessness 


Amputation 

non viable extremity 
Missed injury 

Delay in transfer 


Reperfusion Injury 


Thrombosis and thromboembolism 


Complications of Vascular Injuries 


* Compartment Syndrome: increased pressure 
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Amputation: if limb is non-viable, in order to prevent 
reperfusion injury, amputation must occur. This is 
seen in missed injuries or delayed transfer 
Reperfusion Injury: Occurs when blood flow is 
restored in previously ischaemic limb causing 
overflow of toxins like lactic acid to be sent into 
systemic circulation (| causes hyperkalaemia, 
metabolic or lactic acidosis, cardiac arrest, and 
death. When undergoing vascular surgery, 
anasthesiologist Need to keep perfusion to kidneys 
and rest of the body stable. Prevent Reperfusion 
injury by Provide enough fluid for dilution of toxins 
once vascular structure repair has occurred. Also 


repeat ABGs. R@iallinputlandoutputis important! 
Another complication of vascular surgery: 
Thrombosis and thromboembolism: clot at site of 
injury or downstream embolism from thrombosis. 
Massive pulmonary thromboembolism is an 
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Salient Points 


Mainstay of diagnosis: CLINICAL 
Localisation of injury: Clinical +- Imaging 
Maintain a High index of suspicion 

Identify any associated injuries 

Appropriate imaging 

Early appropriate referral 


Early definitive surgery or Damage control manouevre 
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Summary: 


mainstay of diagnosis is clinical examination and 
imaging to localize the injury, 


maintain high index of suspicion so look for injury 
and actively exclude it, 


identify associated injuries like GSW to leg - 
fractured tibia 


appropriate imaging for the appropriate patient [] 
unstable pxs need operative intervention. 


Imaging occurs in haemodynamically stable pxs, 
early referral to vascular services, early definitive 
Surgery or damage control manoeuvres need to be 
decided upon before operation starts. 


